Background and study aims Endoscopic drainage with dedicated lumen-apposing metal stents (LAMS) is routinely performed for symptomatic pancreatic fluid collections (PFCs), walled-off necrosis (WON) and pseudocyst (PP). There has been increasing concern regarding delayed adverse events associated with the indwelling LAMS.
Introduction
Endoscopic transmural drainage is now first-line therapy for management of peripancreatic fluid collections (PFCs) given its similar efficacy, yet shorter recovery times, lower adverse event rate, and improved cost-effectiveness when compared to surgery [1, 2] . Dedicated lumen-apposing metal stents (LAMS) recently have been developed to simplify endoscopic PFC drainage. The "saddle"-shaped LAMS with its wide flanges is designed to impart anchorage across the fistulous tract, thereby reducing risk of migration and peritoneal leakage; whereas the wider stent diameter is aimed at enhancing drainage, particularly of walled-off necrosis (WON) [3] .
Since its introduction, numerous studies have emerged supporting the technical feasibility, efficacy and short-term safety of LAMS; with PFC resolution rates reported between 85 % to 100 % and early adverse events occurring in 5 % to 10 % of cases [4 -7] . To further improve ease of use, a novel electrocauteryenhanced LAMS delivery system (Hot Axios, Boston Scientific Corporation, Marlborough, Massachusetts, United States) was recently developed. The electrocautery-enhanced tip facilitates passage of the LAMS deployment device without need for dilation of the fistulous tract. This one-step approach has streamlined the procedure and further helped disseminate the widespread practice of endoscopic PFC drainage.
Traditionally, following LAMS placement, interval imaging is obtained around 4 to 6 weeks to assess for treatment response and to guide timing of stent removal or additional interventions. However, recent data raise concern for potential delayed adverse events (AEs) associated with the indwelling LAMS. Indeed, several studies have reported on incidence of delayed bleeding and the phenomenon of "buried stent syndrome," in which extensive mucosal tissue overgrowth around the proximal flange on the luminal side compromises stent removal during follow-up [8 -13] . As such, some experts have recently advocated repeating imaging at a shorter interval of 3 weeks to expedite stent removal in patients in whom the PFC has resolved [13] . Characterizing the incidence and type of delayed AEs associated with LAMS is important as it affects the followup strategy in these patients after initial PFC drainage. The objective of our study was to perform a multicenter retrospective review to assess for delayed AEs associated with LAMS. A secondary aim was to identify potential predictors of treatment failure and delayed adverse events.
Patients and methods

Study population
This was a multicenter observational, retrospective, cohort study of consecutive patients ≥ 18 years who underwent EUSguided LAMS placement for PFCs at seven academic tertiary referral centers in the United States between January 2010 and December 2016. The study was approved by the institutional review board for human research at each participating institution, with the University of Florida serving as the central coordinating center. All patients signed procedure informed consent.
Patients were identified by searching in prospectively maintained endoscopy report-generating electronic databases and subjects' medical records were retrospectively reviewed. Data obtained from all participating centers were compiled into a central database.
PFCs were characterized by cross-sectional imaging (computed tomography and/or magnetic resonance imaging) and endoscopic ultrasound (EUS). All patients underwent EUS-guided PFC transmural drainage with LAMS (Axios, Boston Scientific, Marlborough, Massachusetts, United States) placement as previously described [4 -7] . Additional interventions, including direct endoscopic necrosectomy (DEN), cavity irrigation, and/ or placement of double pigtail plastic stents (DPs) across the LAMS were performed at the discretion of the endoscopist. All endoscopic procedures were performed according to American Society of Gastrointestinal Endoscopy (ASGE) practice guideline recommendations on antibiotic prophylaxis and management of antithrombotic agents and coagulopathy [14, 15] .
Data collection was divided into three categories: baseline, procedural, and post-procedural data. Baseline data included patient demographics, use of anticoagulation/antiplatelet therapy, and endoscopists' experience. Procedure-related data included diameter of PFC, type of LAMS (non-electrocautery vs. electrocautery-enhanced LAMS), site of cysto-enterostomy, additional interventions (e. g. DEN, DPs across LAMS), technical success and early AEs (< 48 hours). Post-procedural data included findings (e. g. PFC resolution, delayed AEs) at the time of interval imaging and follow-up endoscopy.
Definitions
PFCs were defined as WON or pseudocyst (PP) based on the revised Atlanta classification [16] . Procedural success was defined as successful insertion of the LAMS during the PFC drainage. Early (defined as occurring within 48 hours after LAMS insertion) and delayed (detected during clinical follow-up with interval imaging and endoscopy) AEs were assessed based on previously established criteria by the ASGE [17] . Stent occlusion was defined as a stent with a lumen obstructed by debris as seen on imaging and/or endoscopy. Stent migration was defined as interval change in the position (inwards towards the gastrointestinal lumen or outwards towards the PFC) of the LAMS. The LAMS was inspected on follow-up endoscopy to assess for partially buried (flanges still visible) or completely buried (LAMS not visible) flanges by mucosal tissue overgrowth. Treatment success was defined as resolution of the PFC to < 3 cm and resolution of symptoms at the time of interval imaging following EUS-guided LAMS placement.
Outcome measures
The primary outcome of this study was to evaluate for delayed AEs after LAMS insertion for PFC (WON vs. PP) drainage. Secondary outcomes included the identification of potential risk factors for treatment failure and delayed AEs.
Statistical analysis
Descriptive statistics were calculated for all demographic, imaging, and clinical variables and were reported as mean ± standard deviation (SD), median with ranges for continuous variables, or as a proportion for categorical variables. Univariate analysis was performed by using the Chi-Square test or the Fisher exact test for equality of proportions for categorical variables and the Student's t-test for continuous variables when indicated and univariate logistic regression models. Later, multivariable logistic regression analyses were performed to control for other potential confounders and risk factors in the models. Statistical analysis was implemented with the SPSS software v22 (IBM, SPSS Statistics, Armonk, New York, United States) and Stata Statistical Software version 15 (StataCorp. 2017, College Station, Texas, United States). A P value less than 0.05 was considered statistically significant.
Results
Patient demographics
A total of 122 patients (mean age 50.9 years, 68 % male) with PFC (64 WON and 58 PP) underwent EUS-guided transmural drainage with a LAMS (▶ Table 1 ). There were no statistically significant differences in age, gender distribution, body mass index, American Society of Anesthestologists grade, or use of antithrombotic therapy between patients with WON and PP groups. The majority of cases (72/122; 60 %) were performed by endoscopists who reported an experience of at least 10 cases of EUS-guided PFC drainage using a LAMS.
PFC and procedural characteristics
Procedural characteristics are summarized in ▶ Table 2 . Successful insertion of a LAMS for PFC drainage (technical success) was achieved in 120 out of 122 (98.4 %) of patients; there was no difference between patients with WON (98.4 %) vs. PP (98.3 %) (P = 1.00) (▶ Fig. 1 ). Mean size of the PFC was similar in patients with WON (130.8 ± 44 mm) vs. PP (95.2 ± 48 mm) (P = 0.58). The proximal stomach (fundus, cardia or body) was more commonly chosen as the location for LAMS insertion in patients with WON (92.2 %) vs. PP (67.2 %) (P < 0.001). Electrocauteryenhanced LAMS (15 mm wide × 10 mm long) was most commonly used in most cases.In the WON group, 23 (35.9 %) had DEN and 7 (10.9 %) DPs placed across the LAMS during the initial endoscopic session.
Early adverse events
LAMS mis-deployment occurred in two cases in both groups. Both patients underwent successful transmural drainage with placement of DPs during the same session as rescue. Overall, early AEs occurred in 5 of 122 patients (4.1 %), with no significant difference in rates between patients with WON and PPs (▶ Table 2 ). Self-limited bleeding after stent placement was reported in one patient with WON. For the one patient with PP in whom the LAMS was mis-deployed, bleeding from the initial LAMS insertion tract required embolization of the left gastric artery to achieve hemostasis. Three cases of infection were reported, which were all treated with antibiotic therapy and ongoing drainage. There were no cases of perforation or procedure-related mortality in any of the groups.
Main outcomes on interval imaging and initial follow-up endoscopy
Nearly all patients in both the WON (61; 95 %) and PP (57; 98.3 %) groups had interval imaging and follow-up endoscopy. There was no additional information available in the electronic records to assess for clinical outcomes in the patients lost to follow-up (3 WON and 1 PP).
Findings on interval imaging (median of 4 weeks after LAMS insertion; interquartile range 3 -6 weeks) are summarized in ▶ Table 3 . PFC resolution was significantly lower for patients who underwent LAMS placement for WON (62.3 %) compared to PPs (96.5 %) (P < 0.001). A total of 2 (3.3 %) and 4 (7 %) cases of stent occlusion were reported for the WON and PP groups, respectively (P = 0.42).
Follow-up endoscopy after LAMS insertion for PFC drainage was performed at a median of 5 weeks (interquartile range 4 -7 weeks). Stent occlusion was identified in 18 (29.5 %) and 10 (17.5 %) patients in the WON and PP groups, respectively (P = 0.13). The overall rate of stent migration into the gastrointestinal lumen was 5.9 %; there was no differences between the WON vs. PP groups (4.9 % vs. 7.0 %; P = 0.71). In one patient ▶ with a PP, the LAMS had partially migrated into the PFC but endoscopic retrieval was still accomplished by grabbing the proximal flanges. Overall, there were only two cases (one in each group) in which the proximal flanges of the LAMS were partially embedded by the mucosa from tissue overgrowth. Stent retrieval in both of these cases was successful. There were no cases of buried (LAMS flanges completely embedded by the mucosa) stent reported on follow-up endoscopy.
Subgroup analysis of main outcomes in patients with WON
Subgroup analysis of patients with WON is shown in ▶ Table 4 .
There was no statistically significant difference in WON resolution rates between patients who underwent DEN (69.6 %), DP through LAMS (57.1 %), or LAMS placement only (58.1 %). On follow-up endoscopy, there was no statistically significant difference in the rate of stent occlusion or migration among the three subgroups.
LAMS removal and follow-up
The LAMS was removed at the time of follow-up endoscopy in 41/64 and 47/58 patients in the WON and PP groups, respectively. Self-limited bleeding occurred in one patient with PP. One patient with WON had an esophageal tear during LAMS retrieval which was treated by placement of endoscopic clips. Both patients did not require any additional interventions and recovered uneventfully. Thirty patients (20 WON and 10 PP) did not have the LAMS removed on initial follow-up endoscopy (▶ Fig. 2 ). Among these patients with WON, two patients underwent surgery: one patient had an AE with infection and thereby underwent surgical cystogastrostomy and LAMS removal whereas the second patient had surgery for persistent WON and concomitant biliary stricture from chronic pancreatitis. LAMS was exchanged for DPs in three patients, whereas DEN (median 1 session; range 1 -5 sessions) was performed in the remainder 14 patients. Immediate adverse events; n (%)
▶
▪ Bleeding 1 (1.6) 1 (1.7) 1.00
WON, walled-off necrosis; PFC, peripancreatic fluid collection; LAMS, lumen-apposing metal stent For patients with PP, subsequent stent removal (n = 10) was performed at a median of 2.5 weeks (range 1 to 11 weeks) after their initial follow-up endoscopy. Stent removal was uneventful in all patients, even though one of LAMS was found partially embedded. In one patient, the stent had spontaneously migrated into the stomach.
Predictors of treatment failure and stent occlusion
Univariable and multivariable logistic regression was performed to identify predictors of treatment failure (persistent PFC on interval imaging) and stent occlusion (the most commonly identified delayed adverse event in both the WON and PP cohorts). Factors, including patient demographics (age, gender, ASA score), endoscopist experience (> 10 cases; yes vs. no), procedural characteristics (use of electrocautery-enhanced LAMS, location and diameter of LAMS, placement of additional stents, DEN, size of PFC), were included. Use of electrocautery-enhanced LAMS was the only factor strongly associated with treatment failure in the EUS-guided transmural drainage of WONs on both univariable (OR = 13.15, 95 % CI: 3.33 -51.82, P = 0.02) and multivariable (OR = 35.7, 95 % CI: 4.9 -255.56, P = 0.01) analysis (▶ Table 4 ). None of the above mentioned factors included in the univariable and multivariable analysis significantly correlated with treatment failure of PPs (▶ Table 5 ). There were no factors predictive of risk of stent occlusion in WON or PPs (▶ Table 6 ).
Discussion
Endoscopic transmural drainage is now standard practice for initial management of symptomatic PFCs, along with adjunct surgical and percutaneous approaches. In recent years, development of the LAMS device has further consolidated this practice by overcoming some of the inherent technical limitations associated with use of conventional tubular fully covered metal stents and/or DPs [18] . However, in spite of the accumulating data on the efficacy and safety of LAMS placement for PFC drainage, there has been an increasing concern regarding risk for delayed AE associated with the indwelling LAMS. In this multicenter study, we demonstrate that EUS-guided LAMS placement for PFC is effective and safe, delayed AE are rare, and the use of electrocautery-enhanced LAMS was the sole predictor of failure of resolution of WON.
Several recent studies have reported on the occurrence of delayed AE associated with LAMS for PFC drainage. In a trial of 21 patients randomized to LAMS vs. DPs for PFC drainage, Bang et al reported a higher than anticipated AE rate with LAMS [13] . Stent-related AE, including delayed bleeding (n = 3), buried stent (n = 2), and stent-induced biliary stricture (n = 1), were observed in 50 % of the patients randomized to LAMS (n = 12) compared with none in the DP stent cohort; with all AEs being observed 3 weeks after index intervention. The authors postulated that risk of delayed bleeding is presumably secondary to mechanical abrasion/impingement of adjacent vasculature by the flanges of the LAMS upon collapse/resolution of the PFC. In addition to delayed bleeding, there have also been a few case reports describing the phenomenon of buried stent syndrome, in which the flanges of the LAMS are deeply embedded within the mucosa due to tissue overgrowth, thereby complicating stent removal [8 -11] . Based on these findings, Bang et LAMS removed in all patients median 2.5 weeks after initial follow-up EGD (n = 10)
▶ Fig. 2 Flow chart of patient in whom LAMS was not initially removed at the time of initial follow-up endoscopy.
▶ Table 6 Univariable and multivariable analysis evaluating predictors of stent occlusion in WON and PPs.
WON PPs
Clinical al. recommended that a CT scan should be obtained at the threshold of 3 weeks and LAMS removed if the PFC has resolved. In our multicenter study, 118 patients with LAMS underwent interval imaging and repeat endoscopy at a median of 4 and 5 weeks, respectively. Overall, there was only one case of delayed self-limited bleeding at the time of stent removal on follow-up endoscopy. In two patients, the LAMS was partially buried but there were no difficulties associated with stent retrieval. Our findings demonstrate that incidence of delayed bleeding or buried stent at the time of follow-up is very low. As such, performing a CT scan at 3 weeks in all patients treated with LAMS may not necessarily reduce the potential risk of these delayed AEs, but increase costs associated with early imaging, as many of these PFCs, particular WON, may still be persistent. Indeed, in our study, only 62.3 % of patients with WON had radiographic resolution on CT or MRI at a median of 4 weeks, as compared to resolution in nearly all cases of PP (96.5 %). The lower resolution rate of WON as compared to PP would appear to be intuitively associated with the degree of solid debris within the WON. Indeed, a recent study in abstract form demonstrated that assessment of the degree of solid material within a WON on cross-sectional imaging accurately predicted clinical outcomes of endoscopic drainage of WON with LAMS [19] . Future prospective studies stratifying WON based on degree of solid material within the collection and controlling for the type of intervention (e. g. LAMS with DEN, LAMS with DP, LAMS alone) are urgently needed to better define the best approach for these patients. Overall, while early imaging (3 weeks) may be effective for PPs as most of these have resolved within this period, the optimum time for repeat imaging and stent removal in patients with WON remains to be determined.
Multivariable analysis in the current study demonstrated that use of an electrocautery-enhanced delivery system was the only predictor of failure of resolution of WON, but not PPs. We can only speculate about possible explanations for these findings. Traditionally, when performing endoscopic PFC drainage, the fistulous tract is dilated to aid advancement of the delivery system and stent placement. With the electrocautery-enhanced LAMS, the tip on the delivery system permits passage of the deployment device, obviating the need for prior fistulous tract dilation. It is conceivable that initial tract dilation prior to insertion of the non-electrocautery enhanced LAMS may facilitate accommodation and quicker stent expansion, thereby prompting drainage of necrotic debris when compared to the one-step approach with electrocautery-enhanced LAMS. Certainly, further prospective controlled studies comparing outcomes between these two types of LAMS delivery systems for WON drainage are needed to further clarify the significance of these initial results.
In our study, stent occlusion was the most common delayed AE (n = 28; 23.7 %) on follow-up endoscopy. Even though by definition PPs are devoid of solid debris, stent occlusion was noted in 17.5 % of our patients. Our findings are consistent with those recently reported by Aburajab et al, in which 17 % patients with PP treated with LAMS were complicated by infection presumably from stent occlusion from food debris [20] .On our multivariable analysis, neither DEN nor DPs through the LAMS were predictors of stent occlusion. In spite of its larger diameter when compared to DPs, and its anchoring flanges which facilitate DEN and reduce risk of stent migration when compared to conventional FCSEMS, the ideal endoscopic approach with LAMS for WON is not clear. Whether a "step-up" approach, placement of DPs or nasocystic drain through LAMS, or scheduled DEN, may promote WON resolution and reduce incidence of stent occlusion remain to be determined [21 -23] .
This study has several strengths. In this multicenter experience, we demonstrate that risk of delayed bleeding or buried LAMS is very low at the time of follow-up. These observations have direct clinical implications for our approach to PFC management following LAMS insertion. Given that nearly all PPs resolve during this time interval, repeat imaging at 4 weeks (or perhaps even earlier) followed by LAMS removal is both safe and cost-effective. Conversely, we demonstrate that many WON persist during this time frame. As such, CT or MRI could be reserved for those patients in which complications are suspected, whereas transabdominal ultrasound, a more cost-effective approach, may be used to triage timing of repeat endoscopic interventions (DEN, stent removal, etc). Given the current wide variation in practice, particularly in treatment of WON, randomized studies are urgently needed to help establish best practice consensus [24] .
We also acknowledge the limitations of this study. This multicenter study was conducted in tertiary centers and thus our results may not be generalizable. The study design was retrospective and thereby limited by its uncontrolled design and potential for selection bias. Furthermore, timing and type of interventions (e. g. balloon dilation at the time of LAMS placement, DEN and/or DP placement, diameter of the LAMS used) were not controlled as these were performed at the discretion of the endoscopists.Nonetheless, these factors were included in our logistic regression and were not found to be significantly associated with our main outcomes.We also recognize that while this represents a relatively large study of this nature (LAMS for PFC), the absolute small number of patients could have still precluded detection of potential importance differences in outcomes, particularly in subgroup analysis of patients with additional interventions for WON. Furthermore, selection bias (e. g. more severe cases may have undergone more aggressive measures of endoscopic drainage) may have also accounted for the apparent lack of WON resolution rates among the subgroups (e. g. LAMS with DEN, DP through LAMS, and LAMS only) and thereby these results should be interpreted with caution. We also recognize that our rate of WON resolution (62.3 %) at the time of interval imaging is lower than what has been previously reported on LAMS for WON [6, 7] . These apparent differences may be in part associated with the heterogeneity of patient populations (e. g. extent of necrotic debris, size of WON) and type of interventions (e. g. timing and number of DEN, DPs placed) among the various studies. If we include the patients with WON in our study who had resolution after additional interventions (DEN through LAMS) following interval imaging (n = 11), the treatment success was actually 80.3 % and thereby consistent with those recorded in the literature.
Conclusion
In summary, EUS-guided LAMS placement for drainage of both WON and PPs is associated with a low incidence of delayed bleeding or buried stent syndrome. While nearly all PPs resolve at 4 weeks permitting LAMS removal shortly thereafter, many WON persist, with use of electrocautery-enhanced LAMS being the sole predictor of failure of resolution. Future controlled studies are needed to further define the optimal interval for interval imaging and endoscopic therapy for patients with WON.
WON, walled-off necrosis; CT, computed tomography; MRI, magnetic resonance imaging; PP, pseudocyst; PFC, peripancreatic fluid collection; LAMS, lumen-apposing metal stent
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